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(54) Supporting assembly for lithographic projection apparatus 



(57) A supporting assembly (67) for use in a litho- 
graphic projection apparatus comprising a moveable 
member (1 01 ) which is journalled in a housing (99) such 
that substantially no vibration forces are transmitted be- 
tween the moveable member and the housing. The as- 
sembly comprises a gas filled pressure chamber (1 03) 
in which the gas in the pressure chamber acts on the 
moveable member (1 01 ) so as to at least partially coun- 
teract the force due to the weight of the moveable mem- 
ber and any other object which it carries. The pressure 
chamber is supplied with gas and the whole assembly 
is constructed and arranged such that substantially no 
gas flows through the pressure chamber when the 
moveable member is substantially stationary. The sup- 
porting assembly may be applied to a lithographic pro- 
jection apparatus, object table, or metrology frame. 
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Description 

[0001] The present invention relates to a lithographic 
projection apparatus comprising: 

a radiation system for supplying a projection beam 
of radiation; 

a first object table provided with a first object holder 
for holding a mask; 

a second object table provided with a second object 

holder for holding a substrate; and 

a projection system for imaging an irradiated portion 

of the mask onto a target portion of the substrate; 

wherein: 

at least one of said first and second object ta- 
bles is connected to positioning means for position- 
ing said one object table with respect to the projec- 
tion system, wherein the apparatus further compris- 
es a supporting assembly comprising: 

a moveable member associated with a support- 
ed structure; 

a housing in which said moveable member is 
journalled, said journalling being such that sub- 
stantially no vibration forces are transmitted be- 
tween said moveable member and said hous- 
ing; 

a gas-filled pressure chamber, the gas in said 
pressure chamber acting on said moveable 
member so as to at least partially counteract 
the force due to the weight of the supported 
structure; and 

a gas supply for supplying gas to said pressure 
chamber. 

[0002] For the sake of simplicity, the projection sys- 
tem may hereinafter be referred to as the "lens"; how- 
ever, this term should be broadly interpreted as encom- 
passing various types of projection system, including re- 
fractive optics, reflective optics, catadioptric systems, 
and charged particle optics, for example. The projection 
system may also include elements operating according 
to any of these principles for directing, shaping or con- 
trolling the projection beam, and such elements may al- 
so be referred to below, collectively or singularly, as a 
"lens". In addition, the first and second object tables may 
be referred to as the "mask table" and the "substrate 
table", respectively. 

[0003] In the present document, the terms "radiation" 
and "beam" are used to encompass all types of electro- 
magnetic radiation or particle flux, including, but not lim- 
ited to, ultraviolet radiation (e.g. at a wavelength of 
365nm, 248nm, 193nm, 157nm or 126nm), extreme ul- 
traviolet radiation (EUV), X-rays, electrons and ions. Al- 
so herein, the invention is described using a reference 
system of orthogonal X, Y and Z directions and rotation 
about an axis parallel to the I direction is denoted Ri. 
Furthermore, unless the context otherwise requires, the 



term "vertical" (Z) used herein is intended to refer to the 
direction normal to the substrate or mask surface, rather 
than implying any particular orientation of the apparatus. 
Similarly, the term "horizontal" refers to a direction par- 
5 allel to the substrate or mask surface, and thus normal 
to the "vertical" direction. 

[0004] Lithographic projection apparatus can be 
used, for example, in the manufacture of integrated cir- 
cuits (ICs). In such a case, the mask (reticle) may con- 

10 tain a circuit pattern corresponding to an individual layer 
of the IC, and this pattern can be imaged onto an expo- 
sure area (die) on a substrate (silicon wafer) which has 
been coated with a layer of photosensitive material (re- 
sist). In general, a single wafer will contain a whole net- 

15 work of adjacent dies which are successively irradiated 
via the reticle, one at a time. In one type of lithographic 
projection apparatus, each die is irradiated by exposing 
the entire reticle pattern onto the die in one go; such an 
apparatus is commonly referred to as a wafer stepper. 

20 in an alternative apparatus - which is commonly referred 
to as a step-and-scan apparatus - each die is irradiated 
by progressively scanning the reticle pattern under the 
projection beam in a given reference direction (the 
"scanning" direction) while synchronously scanning the 

25 wafer table parallel or anti-parallel to this direction; 
since, in general, the projection system will have a mag- 
nification factor M (generally <1), the speed V at which 
the wafer table is scanned will be a factor M times that 
at which the reticle table is scanned. More information 

30 with regard to lithographic devices as here described 
can be gleaned from International Patent Application 
WO97/33205, for example. 

[0005] Until very recently, lithographic apparatus con- 
tained a single mask table and a single substrate table. 

35 However, machines are now becoming available in 
which there are at least two independently moveable 
substrate tables; see, for example, the multi-stage ap- 
paratus described in International Patent Applications 
W098/28665 and WO98/40791. The basic operating 

40 principle behind such multi-stage apparatus is that, 
while a first substrate table is at the exposure position 
underneath the projection system for exposure of a first 
substrate located on that table, a second substrate table 
can run to a loading position, discharge a previously ex- 

45 posed substrate, pick up a new substrate, perform some 
initial measurements on the new substrate and then 
stand ready to transfer the new substrate to the expo- 
sure position underneath the projection system as soon 
as exposure of the first substrate is completed; the cycle 

50 then repeats. In this manner it is possible to increase 
substantially the machine throughput, which in turn im- 
proves the cost of ownership of the machine. It should 
be understood that the same principle could be used 
with just one substrate table which is moved between 

55 exposure and measurement positions. 

[0006] EP-0,973,067-A discloses a supporting as- 
sembly for supporting a structure, such as the first or 
second object table or a reference, or metrology, frame, 
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against gravity. The assembly comprises a piston asso- 
ciated with the supported structure and further compris- 
es a cylindrical housing in which the piston is journalled. 
Gas bearings are provided in between the housing and 
the piston for providing a frictionless movement of the 
piston in its housing. The housing comprises a gas-filled 
pressure chamber and the gas in the chamber acts on 
the piston so as to counteract the weight of the support- 
ed structure. Gas from the pressure chamber is supplied 
to the gas bearing and may escape from the pressure 
chamber through a gap between the piston and its hous- 
ing. 

[0007] One disadvantage of the device described in 
EP-0,973,067-A is that it is difficult to keep the pressure 
in the pressure chamber entirely constant. In practice, 
the pressure maintained in the pressure chamber will 
have a time varying component. This time varying, or 
dynamic component is due largely to the fact that gas is 
flowing from the pressure chamber to the various gas 
bearings. This flow induces pressure variations in the 
pressure chamber superimposed over the nominal stat- 
ic force which the pressure chamber must exert in order 
to counteract the forces of gravity due to the weight of 
the supported structure. The variations in chamber pres- 
sure due to the fact that gas must be supplied to the gas 
bearings lead to a dynamic pressure variation which can 
be seen as noise on the static force. This adversely af- 
fects the positioning accuracy of the positioning device. 
[0008] It is an object of the invention to provide a lith- 
ographic projection apparatus comprising a supporting 
assembly in which the above-described drawback of the 
known supporting assembly is alleviated. 
[0009] According to one aspect of the present inven- 
tion, there is provided a lithographic projection appara- 
tus as described in the opening paragraph, character- 
ized in that: 

the supporting assembly is constructed and ar- 
ranged such that substantially no gas flows through the 
pressure chamber when said moveable member is sub- 
stantially stationary. 

[001 0] The apparatus of the present invention is con- 
structed so that substantially no vibration forces are 
transmitted between the moveable member and its 
housing. This is preferably achieved by making them 
physically unconnected. However, in this case, there is 
necessarily a gap between the moveable member and 
its housing through which gas from the pressure cham- 
ber can escape. This is reduced in the present invention 
by ensuring that substantially no gas flows through the 
pressure chamber when the moveable member is sta- 
tionary. This can be achieved in practice by providing a 
further gas supply to a further pressure chamber adja- 
cent to the pressure chamber and at least partially sur- 
rounding the moveable member, in which the pressure 
is maintained so as to be substantially identical to that 
in the pressure chamber. 

[0011] Advantageously, the pressure chamber is sup- 
plied via a pneumatic resistor. In a preferred embodi- 
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ment, this resistor consists of a small gap between the 
moveable member and a wall connecting the pressure 
chamber with the further pressure chamber. In this em- 
bodiment, the gas supply to the pressure chamber is 

5 provided from the further pressure chamber and passes 
through the pneumatic resistor gap. 
[0012] Preferably, one or more gas bearings are lo- 
cated between the moveable member and its housing 
or between the moveable member and the supported 

10 structure. These gas bearings conveniently may be sup- 
plied via the further pressure chamber. 
[0013] A gas cylinder as here referred to is sometimes 
also referred to as a (frictionless) pneumatic cylinder. By 
using the gas cylinder in the manner described above, 

15 the moveable member is supported by a constant pneu- 
matic supporting force that is determined by gas pres- 
sure present in the pressure chamber. This gas pres- 
sure is not adversely influenced by flow induced pres- 
sure variations because the pressure chamber does not 

20 supply any flow to the gas bearings and escape of gas 
from the pressure chamber along the moveable mem- 
ber is prevented by the pressure of the further pressure 
chamber. 

[0014] In the invention, the gas cylinder, acting as a 

25 gravity compensator, functions by providing com- 
pressed gas (e.g. air or Nitrogen) which acts upon a 
cross-section of a moving piston with a fixed projected 
area in the vertical (or other intended) direction. This ar- 
ea can be provided by a single physical surface, but can 

30 also be distributed over a number of physical surfaces, 
or even be a differential area between two opposing sur- 
faces. The counterbalance force provided by the pres- 
sure acting on this area should remain as near constant 
as possible, irrespective of horizontal, vertical, pitch, 

35 yaw or roll motion of the supported structure (e.g. mask 
or substrate holder), and its point of application should 
also remain static relative to the supportive part. 
[0015] Also optionally in accordance with the inven- 
tion, the positioning means or device may be provided 

40 with, for example, three gas cylinders and three Z- 
Lorentz-force motors, each of the Z-Lorentz-force mo- 
tors exerting, in operation, a substantially dynamic 
Lorentz force on the second part in the Z-direction, in 
parallel with the substantially static force provided by the 

45 gas cylinder. The three gas cylinders provide, in the Z- 
direction, a stable and statically determined support of 
the second part, e.g. against gravitational acceleration. 
By means of the three Z-Lorentz-force motors, the sec- 
ond part can be displaced in the Z-direction, and rotated 

so about the first axis of rotation and the second axis of 
rotation. Since each of the gas cylinders can be incor- 
porated as part of the Z-Lorentz-force motor, a practical 
and compact construction of the positioning device is 
obtained. 

55 [001 6] In an embodiment of a positioning device in ac- 
cordance with the invention, a first part can be displaced 
relative to a base of the positioning device, at least in 
the X-direction, by means of a drive unit of the position- 
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ing device. In this embodiment/the first part can be dis- 
placed relative to the base of the positioning device over 
relatively large distances with relatively low accuracy by 
means of said drive unit, while a second part can be dis- 
placed with relatively high accuracy over relatively small 
distances relative to the first part by means of the system 
of Lorentz-f orce motors. As a result, the drive unit, which 
must have relatively large dimensions, may be of a rel- 
atively simple type with a relatively small positioning ac- 
curacy, while the dimensions of the relatively accurate 
Lorentz-force motors can be limited. 
[0017] In a lithographic apparatus according to the in- 
vention, at least one of the object tables may be con- 
nected to a positioning device as described above, the 
substrate or mask holder being secured to the second 
part of the positioning device. The favourable properties 
of the positioning device in accordance with the inven- 
tion manifest themselves in a particular way in the lith- 
ographic device in accordance with the invention in that 
transmission of mechanical vibrations from a supporting 
surface to the substrate or mask holder is precluded as 
much as possible. This has a favourable effect on the 
accuracy with which the substrate or mask holder can 
be positioned relative to the projection system, and on 
the accuracy with which the pattern or sub-pattern on 
the mask is imaged onto the substrate. 
[0018] According to a second aspect of the present 
invention there is provided a supporting assembly com- 
prising: 

a moveable member associated with a supported 
structure; 

a housing in which said moveable member is jour- 
nalled, said journalling being such that substantially 
no vibration forces are transmitted between said 
moveable member and said housing; 
a gas-fiiled pressure chamber, the gas in said pres- 
sure chamber acting on said moveable member so 
as to at least partially counteract the force due to 
the weight of the supported structure; and 
a gas supply for supplying gas to said pressure 
chamber; characterized in that: 

the supporting assembly is constructed and 
arranged such that substantially no gas flows 
through the pressure chamber when said moveable 
member is substantially stationary. 

[0019] According to a further aspect of the invention 
there is provided a method of 

manufacturing a device using a lithographic pro- 
jection apparatus comprising: 

a radiation system for supplying a projection beam 
of radiation; 

a first object table provided with a mask holder for 
holding a mask; 

a second object table provided with substrate hold- 
er for holding a substrate; and a projection system 
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for imaging irradiated portions of the mask on to tar- 
get portions of the substrate; the method compris- 
ing the steps of: 

5 providing a substrate that is at least partially 

covered by a layer of radiation-sensitive mate- 
rial; 

providing a mask that contains a pattern; 
projecting an image of at least part of the mask 
10 pattern onto a target portion of the layer of ra- 

diation-sensitive material; 
characterized by : 

providing a moveable member associated 

15 with a supported structure; 

providing a housing in which said move- 
able member is journalled, said journalling 
being such that substantially no vibration 
forces are transmitted between said move- 

20 able member and said housing; 

providing a gas-filled pressure chamber, 
the gas in said pressure chamber acting on 
said moveable member so as to at least 
partially counteract the force due to the 

25 weight of the supported structure; 

supplying gas to the pressure chamber; 
and 

ensuring that substantially no gas flows 
through said pressure chamber when said 
30 moveable member is substantially station- 

ary. 

[0020] In a manufacturing process using a lithograph- 
ic projection apparatus according to the invention a pat- 

35 tern in a mask is imaged onto a substrate which is at 
least partially covered by a layer of energy-sensitive ma- 
terial (resist). Prior to this imagine step, the substrate 
may undergo various procedures, such as priming, re- 
sist coating and a soft bake. After exposure, the sub- 

40 strate may be subjected to other procedures, such as a 
post-exposure bake (PEB), development, a hard bake 
and measurement/inspection of the imaged features. 
This array of procedures is used as a basis to pattern 
an individual layer of a device, e.g. an IC. Such a pat- 

45 terned layer may then undergo various processes such 
as etching, ion-implantation (doping), mutualisation, ox- 
idation, chemo-mechanical polishing, etc., all intended 
to finish off an individual layer. If several layers are re- 
quired, then the whole procedure, or a variant thereof, 

50 will have to be repeated for each new layer. Eventually, 
an array of devices (dies) will be present on the sub- 
strate (wafer). These devices are then separated from 
one another by a technique such as dicing or sawing, 
when the individual devices can be mounted on a carri- 

55 er, connected to pins, etc. Further information regarding 
such processes can be obtained, for example, from the 
book "Microchip Fabrication: A Practical Guide to Sem- 
iconductor Processing", Third Edition, by Peter van 
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Zant, McGraw Hill 1 Publishing Co., 1997, ISBN 
O-07-067250-4. 

[0021] Although specific reference may be made in 
this text to the use of the apparatus according to the 
invention in the manufacture of ICs, it should be explic- 
itly understood that such an apparatus has many other 
possible applications. For example, it may be employed 
in the manufacture of integrated optical systems, guid- 
ance and detection patterns for magnetic domain mem- 
ories, liquid-crystal display panels, thin-film magnetic 
heads, etc. The skilled artisan will appreciate that, in the 
context of such alternative applications, any use of the 
terms "reticle",wafer ,, or "die" in this text should be con- 
sidered as being replaced by the more general terms 
mask", "substrate" and "target portion", respectively. 
[0022] The present invention will be described below 
with reference to exemplary embodiments and the ac- 
companying schematic drawings, in which: 

Fig. 1 shows a lithographic projection apparatus ac- 
cording to an embodiment of the invention; 
Fig. 2 is a plan view of a positioning device in ac- 
cordance with the invention, for the substrate holder 
of the lithographic device shown in Fig. 1 ; 
Fig. 3 is a sectional view taken on the line Ill-Ill in 
Fig. 2; 

Fig. 4 is a sectional view of a supporting unit in ac- 
cordance with a first embodiment of the present in- 
vention, to be used with a positioning device of Fig. 
2; 

Fig. 5 is a sectional view of a supporting unit in ac- 
cordance with a second embodiment of the present 
invention, to be used with a positioning device of 
Fig. 2; 

Fig. 6 is a close-up view of part of Fig. 4 showing a 
gas supply system used with the first embodiment 
of the invention; and 

Fig. 7 is a close-up view of part of Fig. 5 showing a 
gas supply system used with the second embodi- 
ment of the invention. 

[0023] In the various drawings, like parts are identified 
by like reference numerals. 

Embodiment 1 

[0024] Figure 1 schematically depicts a lithographic 
projection apparatus according to a particular embodi- 
ment of the invention. The apparatus comprises: 

a radiation system Ex, IL, for supplying a projection 
beam PB of radiation (e.g. UV or EUV radiation). In 
this particular case, the radiation system also com- 
prises a radiation source LA; 
a first object table (mask table) MT provided with a 
mask holder for holding a mask MA {e.g. a reticle), 
and connected to first positioning means for accu- 
rately positioning the mask with respect to item PL; 
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a second object table (substrate table) WT provided 
with a substrate holder for holding a substrate W (e. 
g. a resist-coated silicon wafer), and connected to 
second positioning means for accurately position- 

5 ing the substrate with respect to item PL; 

a projection system ("lens") PL (e.g. a refractive or 
catadioptric system, a mirror group or an array of 
field deflectors) for imaging an irradiated portion of 
the mask MA onto a target portion C (e.g. compris- 

10 ing one or more dies) of the substrate W. 

As here depicted, the apparatus is of a transmissive type 
(i.e. has a transmissive mask). However, in general, it 
may also be of a reflective type, for example (with a re- 
's fiective mask). Alternatively, the apparatus may employ 
another kind of patterning means, such as a program- 
mable mirror array of a type as referred to above. 
[0025] The source LA (e.g. a Hg lamp, an excimer la- 
ser, an undulator provided around the path of an elec- 
20 tron beam in a storage ring or synchrotron, a laser-pro- 
duced plasma source or an electron or ion beam source) 
produces a beam of radiation. This beam is fed into an 
illumination system (illuminator) IL, either directly or af- 
ter having traversed conditioning means, such as a 
25 beam expander Ex, for example. The illuminator IL may 
comprise adjusting means AM for setting the outer and/ 
or inner radial extent (commonly referred to as o-outer 
and o-inner, respectively) of the intensity distribution in 
the beam. In addition, it will generally comprise various 
30 other components, such as an integrator IN and a con- 
denser CO. In this way, the beam PB impinging on the 
mask MA has a desired uniformity and intensity distri- 
bution in its cross-section. 

[0026] it should be noted with regard to Figure 1 that 

35 the source LA may be within the housing of the litho- 
graphic projection apparatus (as is often the case when 
the source LA is a mercury lamp, for example), but that 
it may also be remote from the lithographic projection 
apparatus, the radiation beam which it produces being 

40 led into the apparatus (e.g. with the aid of suitable di- 
recting mirrors); this latter scenario is often the case 
when the source LA is an excimer laser. The current in- 
vention and Claims encompass both of these scenarios. 
[0027] The beam PB subsequently intercepts the 

45 mask MA, which is held on a mask table MT Having 
traversed the mask MA, the beam PB passes through 
the lens PL, which focuses the beam PB onto a target 
portion C of the substrate W. With the aid of the second 
positioning means (and interferometric measuring 

so means IF), the substrate table WT can be moved accu- 
rately, e.g. so as to position different target portions C 
in the path of the beam PB. Similarly, the first positioning 
means can be used to accurately position the mask MA 
with respect to the path of the beam PB, e.g. after me- 

55 chanical retrieval of the mask MA from a mask library, 
or during a scan. In general, movement of the object ta- 
bles MT, WT will be realized with the aid of a long-stroke 
module (coarse positioning) and a short-stroke module 
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(fine positioning), which are not explicitly depicted in Fig- 
ure 1 . However, in the case of a wafer stepper (as op- 
posed to a step-and-scan apparatus) the mask table MT 
may just be connected to a short stroke actuator, or may 
be fixed. 

[0028] The depicted apparatus can be used in two dif- 
ferent modes: 

1 . In step mode, the mask table MT is kept essen- 
tially stationary, and an entire mask image is pro- 
jected in one go (i.e. a single "flash") onto a target 
portion C. The substrate table WT is then shifted in 
the x and/or y directions so that a different target 
portion C can be irradiated by the beam PB; 

2. In scan mode, essentially the same scenario ap- 
plies, except that a given target portion C is not ex- 
posed in a single "flash". Instead, the mask table 
MT is movable in a given direction (the so-called 
"scan direction", e.g. the y direction) with a speed 
v, so that the projection beam PB is caused to scan 
over a mask image; concurrently, the substrate ta- 
ble WT is simultaneously moved in the same or op- 
posite direction at a speed V= Mv, in which M is the 
magnification of the lens PL (typically, M = 1/4 or 
1/5). In this manner, a relatively large target portion 
C can be exposed, without having to compromise 
on resolution. 

[0029] Integrated semiconductor circuits to be manu- 
factured by means of the lithographic device have a 
structure with detail dimensions in the sub-micron 
range. Since a semiconductor substrate held in the sub- 
strate holder is successively exposed via a number of 
different masks, the patterns present on the masks must 
be successively imaged onto the semiconductor sub- 
strate with an accuracy which is also in the sub-micron 
range, or even in the nanometer range. To achieve this, 
between two successive exposure steps, the substrate 
holder must be positioned with comparable accuracy 
relative to the projection system PL, and during an ex- 
posure step, also the substrate holder and the mask 
holder must be synchronously displaced relative to the 
projection system PL with a comparable accuracy. Con- 
sequently, the positioning accuracy of the positioning 
devices for the substrate holder and the mask holder 
must meet very high requirements. 
[0030] As shown in Fig. 2, the drive unit 21 of the po- 
sitioning device 3 in accordance with the invention com- 
prises two linear X-motors 33, 35 which each comprise 
a stator 39, 41 which extends parallel to the X-direction 
and is secured to a base BP of the positioning device 3, 
and a translator 43, 45 which can be moved along the 
stator 39, 41 . The base BP is secured to a base frame 
BF of the lithographic device. The drive unit 21 further 
comprises a linear Y-motor 47 which includes a stator 
49 which extends parallel to the Y-direction, and a trans- 
lator 51 which can be moved along the stator 49. The 
stator 49 is secured, near a first end 53, to the translator 
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43 of the linear X-motor 33 and, near a second end 55, 
to the translator 45 of the linear X-motor 35. 
[0031] As shown in Fig. 3, the positioning device 3 fur- 
ther includes a first part 57 that is provided with a so- 

5 called air foot 59. The air foot 59 comprises a gas bear- 
ing (not shown in the Figure for simplicity's sake) by 
means of which the first part 57 is guided so as to be 
movable over a guide surface of the base BP extending 
at right angles to the Z-direction. 

10 [0032] As shown in Figs, 2 and 3, the first part 57 is 
coupled via a coupling member 63 to the translator 51 
of the linear Y-motor 47. The positioning device 3 further 
includes a second part 65 to which the substrate holder 
5 of the lithographic device is secured. The second part 

15 65 is supported relative to the first part 57 in the vertical 
Z-direction by means of three supporting units 67, 69, 
71 , which will be described in greater detail below. It can 
be displaced relative to the first part 57 in the X-, Y- and 
Z-directions by means of a system of Lorentz-force mo- 

20 tors 79, 81 , 83, 85, 87, and can be rotated about a first, 
second and third axes of rotation 73, 75, 77 respectively 
parallel to the X-, Y- and Z-directions by means of said 
system of Lorentz-force motors. For this purpose, the 
system of Lorentz-force motors 79, 81 , 83, 85, 87 com- 

25 prises a system of permanent magnets 79, only dia- 
grammatically shown in Figs. 2 and 3, which is secured 
to the second part 65, and a system of electric coils 81 , 
which is secured to the first part 57, for generating a 
Lorentz-force Fx which is parallel to the X-direction, a 

30 Lorentz-force Fy which is parallel to the Y-direction, and 
a Lorentz-force torque Mz about the third axis of rotation 
77. 

[0033] The system of Lorentz-force motors 79, 81 , 83, 
85, 87 includes three Z- Lorentz-force motors 83, 85, 87, 

35 which are only diagrammatically shown in Figs. 2 and 
3, and which each belong to one of the three supporting 
units 67, 69, 71 , respectively. The Z-Lorentz-force mo- 
tors 83, 85, 87 also each include a system of permanent 
magnets 89, which is secured to the second part 65, and 

40 a system of electric coils 95 which is secured to the first 
part 57. Each of the three Z- Lorentz-force motors 83, 
85, 87 generates a Lorentz-force Fz which is parallel to 
the Z-direction, and they jointly generate a Lorentz-force 
torque Mx about the first axis of rotation 73, and a 

45 Lorentz-force torque My about the second axis of rota- 
tion 75. 

[0034] The linear X-motors 33, 35 and the linear Y- 
motor 47 of the drive unit 21 are of a relatively simple 
type with relatively large dimensions, so that the first part 

50 57 can be displaced over relatively large distances and 
with a relatively low accuracy relative to the base BP by 
means of the drive unit 21 in the X-direction and the Y- 
direction. During such displacements of the first part 57, 
the second part 65 is held in position relative to the first 

55 part 57 by means of appropriate Lorentz forces of the 
system of Lorentz-force motors 79, 81 , 83, 85, 87, while 
the second part 65 can also be displaced over relatively 
small distances relative to the first part 57 by means of 
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the system of Lorentz-force motors 79, 81 , 83, 85, 87 
for positioning the substrate holder with high accuracy 
in six degrees of freedom with respect to the projection 
system PL, as measured with the aid of the interfero- 
metric displacement measuring means IF. Consequent- 
ly, the positioning device 3 constitutes a two-stage po- 
sitioning device having a coarse stage and a fine stage 
(long stroke and short stroke). The supporting units 69 
and 71 are substantially identical to the supporting unit 
67. 

[0035] Fig. 4 shows in detail a supporting unit 67 of 
the positioning device 3 as used in accordance with a 
first embodiment of the present invention. Detail of the 
construction of the second part 65 and the intermediate 
member 127 are omitted here for brevity. However, it 
should be noted that these parts may in practice be 
formed substantially as described in EP 0,973,067-A. 
As shown in Fig. 4, the supporting unit 67 comprises a 
gas cylinder 97 which is provided with a housing 99 
which is secured to the first part 57, and a piston 101, 
which is coupled to the second part 65. A gas-filled pres- 
sure chamber, or support volume, 1 03 is provided in the 
housing 99, in which the piston 101 is guided so as to 
be displaceable in a direction parallel to the Z-direction. 
There is a small air gap between the piston and the 
housing which has been exaggerated in Figs. 4-6 for 
clarity. Gas in the pressure chamber 1 03 acts on a bot- 
tom wall 1 1 6 of piston 1 01 to at least partially counteract 
gravity, 

[0036] The piston 101 comprises a number of gas 
channels 105. A static gas bearing 111 is connected to 
the gas channels 105 via a number of side channels 
1 09, which gas bearing is situated between an inner wall 
1 1 3 of the housing 99 and an outer wall 1 1 5 of the piston 
101 . The piston 101 is journaled relative to the housing 
99 in a direction perpendicular to the Z-direction by 
means of the static gas bearing 111 . 
[0037] The pressure in pressure chamber 103 is 
maintained by a gas supply 1 1 9 formed in the outer wall 
of the pressure chamber housing. 
[0038] The gas bearings 111 and 133 are maintained 
by gas flowing from a further pressure chamber 1 22 ad- 
jacent to the pressure chamber 1 03 and surrounding the 
piston. This further chamber 122 is in turn supplied by 
a further gas supply 120 (separate from the supply 119) 
maintaining the pressure in the pressure chamber 122. 
The channels 1 05 feeding the gas bearings 1 1 1 and 1 33 
emerge radially outwardly from the piston 1 01 to the fur- 
ther pressure chamber 122 which, in the embodiment 
shown, is formed as an annular recess in the piston 1 01 
and is further bound by the housing 99. The height of 
the further chamber 122 is chosen such that it is in fluid 
communication with the exit from the further gas supply 
channel 120 formed in the housing for substantially all 
operating positions of the piston 101 . In use, gas is sup- 
plied via supply 119 to the pressure chamber 103 to 
maintain a predetermined pressure in the pressure 
chamber 1 03 for supporting piston 1 01 . A further supply 
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of gas is provided through the channel 1 20 to the further 
pressure chamber 1 22 and thus to the channels 1 05. It 
is used to supply the gas bearings 111 and 133 and to 
maintain the pressure in the further pressure chamber 

5 122 substantially identical to the pressure in the pres- 
sure chamber 1 03. The pressure in the pressure cham- 
ber 103 is maintained by a separate supply 119 and is 
thus insulated from the effect of gas flowing to the gas 
bearings 111 and 133, which will reduce pressure vari- 

10 ations. It is hence possible for a non-steady gas flow to 
pass through the gas bearings 111 and 133 without af- 
fecting the static force provided by the pressure cham- 
ber 103. The non-steady gas flow for the gas bearings 
111 and 133 is instead provided by the further supply 

15 120 so that when the piston is stationary, no gas flows 
through the chamber 1 03, even when an unsteady flow 
is flowing through the gas bearings 111 and 133. Pres- _ 
sure fluctuations in further pressure chamber 122 and 
channels 105 act on opposing symmetrical surfaces of 

20 the piston 1 01 and do therefore not exert a net force on 
the piston. Identical pressures in pressure chamber 1 03 
and further pressure chamber 122 prevent gas from es- 
caping from chamber 103 along piston 101. Further 
chamber 122 therefore acts as a seal for the pressure 

25 chamber 103. Experiments indicate flow-induced pres- 
sure variations in the pressure chamber 1 03 may be re- 
duced by a factor of at least 1 00. There is no physical 
contact between piston 101 and its housing 99 to pre- 
vent a transmission of vibrations or to increase the very 

30 low stiffness of the supporting assembly. 

[0039] In this manner, the second part 65 is supported 
in the vertical Z-direction, relative to the first part 57 by 
a pneumatic supporting force which is determined by 
gas pressure present in the pressure chamber 103 of 

35 the gas cylinders 97 of the three supporting units 67, 69, 
71. 

[0040] Since the force generated by the gas cylinder 
remains substantially constant irrespective of piston po- 
sition in the Z-direction, the gas cylinder behaves like a 

40 spring with essentially zero stiffness and the natural fre- 
quency of the suspended mass/"spring" system is es- 
sentially zero depending on the volume of the pressure- 
chamber 103 and the mass of the supported object. As 
a result of this low natural frequency, transmission of 

^5 mechanical vibrations in the Z-direction, from the first 
part 57 to the second part 65 and the substrate holder 
5 is precluded as much as possible. Mechanical vibra- 
tions may be present in the frame BF of the lithographic 
device and may be caused by, for example, vibrations 

50 of the floor, reaction forces of the positioning devices 3 
and 9, or acoustic vibrations. Transmission of such vi- 
brations to the substrate holder 5 would lead to unde- 
sirable inaccuracies of the position of thesubstrate hold- 
er 5 relative to the projection system PL. 

55 [0041] Since the piston 101 is journalled relative to the 
housing 99 perpendicular to the Z-direction by means 
of the static gas bearing 111, the piston 101 can be 
moved in the Z-direction substantially without friction, 
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so thatthe relatively small pneumatic stiffness of the gas 
cylinder 97 is not influenced substantially by frictional 
forces of the static gas bearing 1 1 1 exerted on the piston 
1 01 . It is noted also that substantially no mechanical vi- 
brations are transmitted from the first part 57 to the sec- 
ond part 65 via the system of Lorentz-force motors 79, 
81 , 83, 85, 87, because there is no mechanical contact 
between the systems of permanent magnets 79, 89 and 
the system of electric coils 81 , 95, and because Lorentz- 
force motors supply a Lorentz force which does not 
change substantially in the case of relatively small dis- 
placements of the systems of permanent magnets 79, 
89 relative to the systems of electric coils 81 , 95. 
[0042] As mentioned above, the three Z-Lorentz- 
force motors 83, 85, 87 each belong to one of the three 
supporting units 67, 69, 71, respectively, the three gas 
cylinders 97 each forming, a supporting unit 67, 69, 71 
with one of the Z-Lo re ntz -force motors. As shown in Fig. 
4, the system of permanent magnets 89 of the Z- 
Lorentz-force motor 83 is secured to the second part 65 
by means of a coupling member 1 21 , which is only sche- 
matically shown, and which is substantially undeforma- 
ble at least in the Z-direction. The system of electric coils 
95 of the Z-Lorentz-force motor 83 is secured to the 
housing 99 of the gas cylinder 97 via a securing member 
123. In this manner, a practical and compact construc- 
tion of the positioning device 3 is obtained, the three gas 
cylinders 97 providing for a stable and statically deter- 
mined support (against gravity) of the second part 65 
relative to the first part 57, in the vertical Z-direction. 
[0043] As is further shown in Fig. 4, the piston 101 is 
provided with a supporting surface 125 extending at 
right angles to the Z-direction. The supporting unit 67 of 
the positioning device 3 is further provided with an in- 
termediate part 1 27 which is secured to the second part 
65 by any appropriate means. The intermediate part 1 27 
includes a guide surface 131, which also extends at right 
angles to the Z-direction, and which bears on the sup- 
porting surface 125 of the piston 1 01 via a further static 
gas bearing 133. As shown in Fig. 4, the further static 
gas bearing 133, just like the static gas bearing 111 , is 
connected via a number of side channels 1 35 to the gas 
channels 105 which are provided in the piston 101 and 
communicate with the pressure chamber 1 03. The sec- 
ond part 65 is guided over the supporting surface 125 
substantially without friction in directions at right angles 
to the Z-direction, by means of the further static gas 
bearings 133. Movement of the second part 65 is thus 
rendered independent of the support units 67, 69, 71, 
and only determined by the Lorentz-force motors. A de- 
tailed construction of intermediate part 127 may be 
found in EP 0,973,067-A. 

[0044] As can be seen in Fig. 4, the pressure chamber 
103 is supplied by supply passage 119 whereas the 
channels 105 are supplied by supply passage 120. 
Thus, the supply of gas to the gas bearings 111 and 1 33 
is independent of the supply of gas to the pressure 
chamber 103. Thus, variations in the flow of gas in the 
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gas bearings only affects the gas flowing through supply 
1 20 and not the gas flowing through supply 1 1 9. Thus, 
even when the flow through the gas bearings changes, 
the pressure in chamber 1 03 remains substantially con- 
5 stant and a static force is provided to counteract the 
gravitational force due to the weight of the second part 
65 and the piston 101. 

[0045] Fig. 6 shows a close-up view of the pressure 
chamber 103 and bottom portion of the piston 101 as 
10 shown in Fig. 4. The gas supply arrangement is also 
shown. 

[0046] In Fig. 6, 301 indicates the gas supply (e.g. an 
air supply) which may be a gas bottle or a pumped 
source in which a large tank is filled by a pump. The 

15 large tank acts a capacitive filterto reduce pressure rip- 
ples from the pump. Whichever source is used, the out- 
put is controlled by regulator valve 302 which can be a 
single valve or a cascade of valves and can be either 
mechanical (passive) or electronic (e.g. piezoelectric, 

20 voice coil actuated, etc.) and servo controlled to a fixed 
reference level or an optimized, variable value, e.g. to 
minimize motor current. Such an arrangement will pro- 
vide a substantially stable pressure, largely independ- 
ent of flow rate. However, further stabilization of the air 

25 supply is desirable. 

[0047] To further regulate the air pressure, a large vol- 
ume pre-chamber 303 is fed from the regulator valve 
302. Pre-chamber 303 has a large volume compared to 
the actual volume of the gravity compensator, including 

30 the cylinder 1 03. The pre-chamber 303, air supply 301 
and regulator valve 302 may be situated at a relatively 
large distance from the actual object to be supported. 
[0048] The compressed air is fed from the chamber 
303 directly to the supply 1 20 and via pneumatic resistor 

35 306 to supply 119. Pneumatic resistor 306 produces a 
pressure drop as a function of flow rate, the pressure 
drop being virtually zero in a substantially stationary 
state. The pneumatic resistor may be a frictional resist- 
ance such as a long-capillary tube or an inertial resist- 

40 ance such as an orifice. Air from the chamber 303 is fed 
to the pressure chamber 103 via tubing 305 which is 
preferably made as short and smooth as possible, with 
minimal sharp turns, edges and other turbulence-creat- 
ing feature (the diagram is purely schematic). This ar- 

45 rangement provides the equivalent of a resistance-ca- 
pacitance circuit, forming a low pass filterto further re- 
duce residual high-frequency pressure disturbances at 
the outlet of the regulator. 

[0049] In a variation of the above described embodi- 
50 ment, the supporting assembly shown in Fig. 4 can be 
supported directly on the base BP (see Figs. 1 and 3) 
rather than via the first part 57 which part is able to slide 
over base plate BP. The Lorentz-force motors may still 
be positioned between the first and second parts how- 
55 ever. 
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Embodiment 2 

[0050] Fig. 5 shows a gas cylinder similar to that of 
Fig. 4 but with a modified supply of gas to the pressure 
chamber. Instead of the gas being supplied completely 5 
separately from the gas supply to the gas bearings the 
same effect can be achieved by supplying the pressure 
chamber with a feed taken from further pressure cham- 
ber 1 22. This is achieved by passing a portion of the gas 
bearing supply gas through a restriction 124 (which acts 10 
as a pneumatic resistor) formed between the outside of 
the piston 101 and the inside of the first part 99. Gas 
therefore flows in the channel 120 to the gas bearing in 
the same way as in the embodiment of Fig. 4. However, 
gas is also allowed to travel through the small restriction « 
124 formed by the cylindrical gap between the outside 
edge of the piston 101 and the inner wall 113 of housing 
99 to supply the pressure chamber 1 03, which replaces 
supply 119 according to Fig. 4. 

[0051] Fig. 7 shows a close-up view of the bottom of 20 
the housing shown in Fig. 5. The air supplies 301 , reg- 
ulator valve 302 and large volume pre-chamber 303 are 
substantially the same as described with reference to 
Fig. 6. However, in this embodiment a single tube is 
used to supply gas to the channel 120 formed in the 25 
housing 99. As indicated by the arrows, the gas flow 
splits so that some gas flows to the channel 1 05 to sup- 
ply the gas bearings 1 1 1 and 1 35 whereas the remainder 
of the flow is used to supply the pressure chamber 1 03. 
The gap 124 through which this remainder flows is small 30 
enough to act as a pneumatic resistor, equivalent to re- 
sistor 306 in Fig. 6, which causes a pressure drop pro- 
portional to the flow rate. This serves to further stabilise 
the pressure maintained in the chamber 103. This ar- 
rangement is advantageous because it obviates the 35 
need for a separate supply 1 1 9 to the pressure chamber. 
The pneumatic resistor 1 24 serves to insulate the pres- 
sure chamber from flow variation caused by differing 
flows through the gas bearings 111 and 135. 

40 

Embodiment 3 

[0052] This embodiment may be constructed sub- 
stantially identically to either of the embodiments de- 
scribed above and shown in Figs. 4 to 7. The difference 
lies in the fact that the supporting assembly is used to 
support the metrology frame MF on the base frame BF 
(see Fig. 1 ). Referring to Fig. 4, in this embodiment, the 
metrology frame MF is rigidly connected to the second 
part 65 and the base frame is rigidly connected to the so 
housing 99. In this way, the present invention may be 
used as an air mount to support the metrology frame MF 
(which itself supports the projection system PL) relative 
to the base frame BF. 

[0053] Although this text has concentrated on litho- 55 
graphic apparatus and methods whereby a mask is 
used to pattern the radiation beam entering the projec- 
tion system, it should be noted that the invention pre- 



sented here should be seen in the broader context of 
lithographic apparatus and methods employing generic 
"patterning means" to pattern the said radiation beam. 
The term "patterning means" as here employed refers 
broadly to means that can be used to endow an incom- 
ing radiation beam with a patterned cross-section, cor- 
responding to a pattern that is to be created in a target 
portion of the substrate; the term "light valve" has also 
been used in this context. Generally, the said pattern will 
correspond to a particular functional layer in a device 
being created in the target portion, such as an integrated 
circuit or other device. Besides a mask on a mask table, 
such patterning means include the following exemplary 
embodiments: 

A programmable mirror array. An example of such 
a device is a matrix-addressable surface having a 
viscoelastic control layer and a reflective surface. 
The basic principle behind such an apparatus is that 
(for example) addressed areas of the reflective sur- 
face reflect incident light as diffracted light, whereas 
unaddressed areas reflect incident light as undif- 
fracted light. Using an appropriate filter, the said un- 
diffracted light can be filtered out of the reflected 
beam, leaving only the diffracted light behind; in this 
manner, the beam becomes patterned according to 
the addressing pattern of the matrix-addressable 
surface. The required matrix addressing can be per- 
formed using suitable electronic means. More infor- 
mation on such mirror arrays can be gleaned, for 
example, from US 5,296,891 and US 5,523,193, 
which are incorporated herein by reference. 
- A programmable LCD array. An example of such a 
construction is given in US 5,229,872, which is in- 
corporated herein by reference. 

[0054] Moreover, a positioning device can be used, 
not only in a lithographic device, but also in other devic- 
es in which an object must be held in an accurate posi- 
tion or must be moved or positioned in an accurate man- 
ner by means of the positioning device. 
[0055] Accordingly, the supporting assembly accord- 
ing to the invention can be employed more broadly than 
described in the above embodiments. It is envisaged 
that said assembly is not only suitable for use in litho- 
graphic projection apparatus but can also be applied in 
devices in which a supported structure needs support- 
ing to accurately counteractthe weight of said supported 
structure with minimal vibration transmission. Examples 
of such devices include accurate processing machines 
or analytic equipment. 



Claims 

1 . A lithographic projection apparatus comprising: 

a radiation system for supplying a projection 
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beafh of radiktion; 

a first object table provided with a first object 
holder for holding a mask; 5. 
a second object table provided with a second 
object holder for holding a substrate; and 5 
a projection system for imaging an irradiated 
portion of the mask onto a target portion of the 
substrate; wherein: 

at least one of said first and second object 
tables is connected to positioning means for po- 10 
sitioning said one object table with respect to 6. 
the projection system, wherein the apparatus 
further comprises a supporting assembly com- 
prising: 

15 

a moveable member associated with a 
supported structure; 7. 
a housing in which said moveable member 
is journalled, said journalling being such 
that substantially no vibration forces are 20 
transmitted between said moveable mem- 
ber and said housing; 
a gas-filled pressure chamber, the gas in 
said pressure chamber acting on said 
moveable member so as to at least partially 25 
counteract the force due to the weight of 
the supported structure; and 
a gas supply for supplying gas to said pres- 
sure chamber; characterized in that: 8. 

the supporting assembly is con- 30 
structed and arranged such that substan- 
tially no gas flows through the pressure 
chamber when said moveable member is 
substantially stationary. 

35 

A lithographic projection apparatus according to 
claim 1, wherein the supporting assembly further 
comprises: 

a further gas-filled pressure chamber adjacent *o 
to said pressure chamber and at least partially 
surrounding said moveable member; 
a further gas supply for supplying gas to said 
further pressure chamber such that a gas pres- 
sure in said pressure chamber is substantially 45 
identical to a gas pressure in said further pres- 
sure chamber when said moveable member is 
substantially stationary. 



said further pressure chamber. 

A lithographic projection apparatus according to 
any one of the preceding claims, wherein the sup- 
porting assembly further comprises at least one gas 
bearing and said moveable member comprises a 
channel in fluid communication with said further gas 
supply for supplying gas to said at least one gas 
bearing. 

A lithographic projection apparatus according to 
any one of the preceding claims, wherein the posi- 
tioning means comprises the supporting assembly 
and the supported structure is one of said object ta- 
bles. 

A lithographic projection apparatus according to 
claims 1 to 5, wherein the apparatus further com- 
prises: 

a metrology frame for supporting said projec- 
tion system; and 

a base frame for supporting said metrology 
frame, said metrology frame being supported 
with respect to said base frame by the support- 
ing assembly, wherein the supported structure 
is said metrology frame. 

A supporting assembly comprising: 

a moveable member associated with a support- 
ed structure; 

a housing in which said moveable member is 
journalled, said journalling being such that sub- 
stantially no vibration forces are transmitted be- 
tween said moveable member and said hous- 
ing; 

a gas-filled pressure chamber, the gas in said 
pressure chamber acting on said moveable 
member so as to at least partially counteract 
the force due to the weight of the supported 
structure; and 

a gas supply for supplying gas to said pressure 
chamber; characterized in that: 

the supporting assembly is constructed 
and arranged such that substantially no gas 
flows through the pressure chamber when said 
moveable member is substantially stationary. 



A lithographic projection apparatus according to so 
claim 2, wherein said gas supply and said further 
gas supply are combined. 

A lithographic projection apparatus according to 
claim 3, wherein the supporting assembly further 55 
comprises a pneumatic resistor comprising a gap 
formed between said moveable member and an op- 
posite wall connecting said pressure chamber and 



9. A supporting assembly according to claim 8, where- 
in the supporting assembly further comprises: 

a further gas-filled pressure chamber adjacent 
to said pressure chamber and at least partially 
surrounding said moveable member; 
a further gas supply for supplying gas to said 
further pressure chamber such that a gas pres- 
sure in said pressure chamber is substantially 
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identical to a gas pressure in said further pres- 
sure chamber when said moveable member is 
substantially stationary. 



ensuring a gas pressure in said pressure cham- 
ber is substantially identical to a gas pressure 
in said further pressure chamber. 



10. A method of manufacturing a device using a litho- s 
graphic projection apparatus comprising: 



a radiation system for supplying a projection 
beam of radiation; 

a first object table provided with a mask holder 10 
for holding a mask; 

a second object table provided with substrate 
holder for holding a substrate; and a projection 
system for imaging irradiated portions of the 
mask on to target portions of the substrate; the is 
method comprising the steps of: 

providing a substrate that is at least partial- 
ly covered by a layer of radiation-sensitive 
material; 20 
providing a mask that contains a pattern; 
projecting an image of at least part of the 
mask pattern onto a target portion of the 
layer of radiation-sensitive material; 



characterized by : 



25 



providing a moveable member associated 
with a supported structure; 
providing a housing in which said move- 30 
able member is journalled, said journalling 
being such that substantially no vibration 
forces are transmitted between said move- 
able member and said housing; 
providing a gas -filled pressure chamber, 35 
the gas in said pressure chamber acting on 
said moveable member so as to at least 
partially counteract the force due to the 
weight of the supported structure; 
supplying gas to the pressure chamber; 40 
and 

ensuring that substantially no gas flows 
through said pressure chamber when said 
moveable member is substantially station- 
ary. 45 



11. A method according to claim 10, further comprising 
the steps of: 

providing a further pressure chamber adjacent so 
to said pressure chamber and at least partially 
surrounding said moveable member; 
supplying gas to said further pressure chamber 
such that a gas pressure in said pressure 
chamber is substantially identical to a gas pres- 55 
sure in said further pressure chamber when 
said moveable member is substantially station- 
ary; and 
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